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Declaration under 37 CFR 1.131 

I, Mark Ahmadjian of Cambridge MA, declare and say that: 

1 . I am one of the applicants in the above-identified application, filed as a 
Provisional Application, on 5-22-00. 

2. USP 6,1 1 8,53 1 to Hertel et al, which issued 9-12-00, has been cited against 
claims 1-5, 7-9, 1 1, 13-16 in the above application. The Hertel patent Usts an 
affective filing date in the UPSTO of 5-4-98. 



3. Our invention, described in the above patent application, including the above 
claims, was completed in this Country, prior to the filing date of 5-4-98, as 
substantiated by our invention disclosure discussed below. 

4. I further declare that this invention was diligently pursued by preparing and filing 
said disclosure with my employer, the USAF at Hanscom AF Base, MA, which, 
in tum, reported it to its Intellectual Property Office of ESC/ J AZ, also at 
Hanscom AFB, which, in tum, searched the prior art re same and then, in 
consultation with me, prepared and filed the above Provisional application and 
within 12 months the above regular patent application in the USPTO. 

5. As evidence of the above invention, I enclose as Exhibit A, a copy of excerpts of 
the invention disclosxire, which include drawings of embodiments of the 
invention, similar to those shown in Figures 1 and 2 in the above application that 
was part of such invention disclosure. Again, I declare that such invention 
disclosure was prepared and dated well before 5-4-98, which invention disclosure 
was pursued with diligence, as stated above, to the filing date thereof in the 
USPTO. 

6. I also declare that I do not know and do not believe that the invention has been in 
public use or on sale in the United States of America or any foreign country for . 
more than one year prior to the filing date of my application and I have never 
abandoned my invention. 

7. I fiirther declare that statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true and 
fiirthermore that these statements were made with the knowledge that willfiil false 



statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application or any patent 
issuing thereon. 
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1 . DESCRIPTIVE TITLE OF THE INVENTION . 

Advanced Electro-Optical Missile Launch Warning Sensor 
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3. SUMMARY OF THE INVENTION 

We have developed an invention which detects missile launches from an overhead surveillance platform. This invention, 
Advanced Electro-Optical Missile Launch Warning Sensor, is a passive electro-optical sensor which detects the narrow 
electromagnetic spectral emissions created in a rocket engine plume when a missile is launched. The unique feature of this 
invention is that it is able to detect the missile's spectral emissions through clouds. Typical early missile launch warning systems 
using passive electro-optical sensors do not see through clouds and may not detect a missile launch at the instant of rocket engine 
ignition if the missile launch area is obscured by clouds. The time from rocket engine ignition to passing through a cloud layer 
may be up to thirty seconds. This invention, therefore, has the capability to provide thirty seconds of additional warning time of 
a launch than typical systems during cloudy weather conditions. To demonstrate the invention the atomic line emission of 
sodium (present in rocket engine plumes) at 589.6 nanometers (nm) was used. The invention is easily adaptable for other spectral 
emission lines which are scatted and transmitted through clouds. 

The field demonstrations of this.irivention consisted of an aircraft mounted sensor and a sensor carried on-board an earth orbiting 
satellite. The aircraft system^a narrow-band filtered radiometer. The satellite system was a spectrographic imager. Both systems 
spectrally isolate the emission wavelength of interest and generate a radiometric measurement of the signal intensity. The aircraft 
and satellite sensors overflew a simulated rocket engine emission source at 589.6 nm and collected data. The collected data, data 
processing, and analysis show this invention is capable of detecting the narrow spectral emissions associated with a missile 
launch. The advantages of this invention over typical early warning sensors are it does not require cryogenic focal phines, does 

not require large optics, and can see a missile launch when the launch area is obscured by clouds. 
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12. DESCRIPTION AND OPERATION 
a. Purpose 

The purpose of this invention is to detect the launch of a missile at the moment of rocket 
engine ignition and to do this when the missile launch area is obscured by clouds. 



b. Background 

Typical passive electro-optical early warning missile launch sensors use wide spectral band 
radiometers to detect the spectral emissions of a rocket engine plume. Spectral emission 
features may be associated with water, carbon dioxide and numerous other combustion 
and atmospheric chemical species produced in the burning of missile fuels. Because water 
in the earth's atmosphere decreases the transmission of spectral emissions at certain 
wavelengths, clouds may decrease the operational range of sensor to target for a typical 
sensor operating within a wide spectral band. A sensor able to "see through water" would 
offer an advantage in detecting a missile launch from an area obscured by clouds. By 
selecting a very narrow spectral range and at a wavelength where the water in clouds does 
not absorb the missile plume emissions a sensor could detect a missile launch under cloud 
conditions. The technology to conduct this task is now available and has been used for the 
invention described in this patent application. 

c. Description, manner and process of making and using invention. 
Introduction. 



Spectral measurements of various solid- and liquid-propellant rocket plumes have shown 
the presence of strong narrow spectral line emissions from the alkali metals sodium (589.6 
nm) and potassium (766.5 nm) in addition to those spectral emissions used by a typical 
missile warning system. Theoretical calculations indicate that emissions near the 589.6 nm 
wavelength should be efficiently transmitted through the atmosphere and clouds and thus 
should be detectable by a downward-looking sensor positioned above the clouds. The 
concept is applicable to any spectral emission for which water has transparency. To test 
this concept, a visible radiometric sensor with an interference filter (and later with an 
atomic line resonance filter) was developed and flown on an aircraft platform. In addition, 
high resolution spectral measurements from the earth orbiting Mid-Course Experiment 
(MSX) were successfully conducted. A ground-based sodium emission source to simulate 
a rocket engine plume was fabricated using sodium discharge lamps. Aircraft and satellite 
flight tests were conducted for different cloud types and conditions. These tests 
demonstrated the feasibility of detecting a missile launch with a narrow spectral sensor 
over an area obscured by clouds. 
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Description of concept and invention. 

Prominent atomic emission features from the alkali metals sodium (Na) and 
potassium (K) have been observed with ground-based optical sensors in the first-stage 
plumes of both solid - and liquid-fuel rockets. 1.2 Strong Na and K features have also 
been seen in the second-stage plume as well as during the period following first-stage 
burn-out and before second-stage ignition. A prominent Na feature was also observed 
through heavy rain from a first-stage plume by a sensor at a range of 1.6 km. 3 As a result 
of these observations and theoretical calculations of multiple scattering through clouds we 
designed, fabricated, and flew an invention which demonstrated the feasibility of detecting 
a missile launch through clouds with a narrow spectral band filtered sensor. 

A narrow spectral band filtered sensor for airborne operation was designed 
fabricated, and tested. This sensor shown schematically in Figure 1 consisted basically of 
a narrow-band filtered photometer (3), data acquisition electronics (4), and a notebook 
computer (5) to monitor and record the data. 

The photometer had a 50 mm-diameter collecting aperture (2) and a fijll-angle field 
of view of 2.0 degrees. A Hamamatsu photomultiplier (model H61 80-01) was used as the 
detector. A 10-nm-wide interference filter centered at 590 nm was used to pass sodium 
emissions and to reject the background. Typically, the sensor was flown at an altitude that 
was 2000 feet above the cloud tops. At this range the photometer footprint at the cloud 
tops was about 2 1 meters. 

A lock-in amplifier manufactured by Stanford Laboratories (model SR510) was 
configured to synchronously rectify the signal from the photometer at twice the 50 Hz 
reference signal frequency. The analog output of the amplifier was fed to data acquisition 
electronics where digital samples were taken at a rate of 10 times per second. The 
sampled digital data was recorded on the hard drive of a Toshiba notebook computer 
The notebook computer also provided a real-time display of the photometer output A 
GPS receiver (6) recorded the flight path of the aircraft platform for post-flight data 
analysis. 

A ground source (1) to simulate a rocket engine launch was fabricated using 180 
Watt low-pressure sodium discharge lamps. Each bulb was approximately I meter long 
and rated at 33,000 lumens. The bulbs were assembled in pairs with a common reflector 
element to create 360 W lamps. These lamps were then arranged on the ground at 
Hanscom AFB in a pattern resembling the spokes of a wheel to create a source with an 
effective circular diameter of approximately 2 meters. Powered by a 50 Hz generator they 
produced a modulated output of approximately 26 W/sr. 

The aircraft flight test program was conducted by the Air Force Research 
Laboratory (AFRL) and measured the diffuse transmission of the sodium ground emission 
source through clouds and determined the spatial distribution of the scattered radiation at 
the top of the clouds. The experiment consisted of viewing the cloud tops with an 
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airborne sensor while the clouds were being illuminated from below by the ground-based 
sodium emission source. The basic-experimental concept is illustrated in Figure 2. A 
vertical pointing TPQ 1135 GHz (0.86 cm) radar, located adjacent to the sodium 
emission source was used to measure cloud top and bottom altitudes. 

The sensor system was mounted in the aft compartment of a twin-engine 
Beechcraft Duchess aircraft. The sensor looked out through a window and periscope 
which were mounted in a compartment door. The periscope contained a mirror at 45 
degrees and could be rotated to allow the photometer to view the cloud tops at any 
desired nadir angle. Most of the data was taken at a nadir angle of zero degrees, but a few 
measurements were conducted with nadir angles up to 60 j degrees A GPS receiver 
onboard the aircraft recorded the position of the aircraft as a ftinction of time. 

In order to minimize the photon bacjtjground level, measurements were conducted 
at night. After the nighttime measuremen^had been successfiilly completed, the sensor 
was modified for daytime operation by r|placing the 10-nm-wide interference filter with a 
much narrower 0.005 nm) atomic liii|filter (ALF). The atomic line filter (also called a 
"Faraday atomic line filter" or simply if^^^ a "Faraday filter") was obtained from AstroTerra 
Corp, San Diego, CA. The filter incglporates a heated sodium vapor cell with a magnetic 
field between two crossed polarizerj^f The crossed polarizers block the background 
radiation while the signal polarizat^h is rotated by 90j, thus allowing it to pass through 
the filter. Polarization rotation in Jie magnetic field is due to the Zeeman effect which 
causes a separation in the optical /absorption frequencies for right- and left- circularly 
polarized light. The passband fr||uency and bandwidth are dependent on temperature and 
magnetic field and can be adjust^ over a relati^?€I^^ide range. This filter was used in 



conjunction with a narrow band 



radiation in the far wings. 



rferenceffilter to help reject background 
Unfoi^^nate|^our particuMr ALF was plagued by vapor cell 
degradation due to sodium depletion and. other eflfecj^'in the cell windows that have 
combined to degrade the filter performance and the^sults will not be part of this patent 
application. Future measurements will be conducteMwith a high resolution spectrometer 
capable of fine tuning to a specific wavelength of pterest. 



Several aircraft data collection flights wefe conducted over Hanscom AFB in the 
fall of 199f. These data flights were flown for Mo distinctly different "cloud" conditions. 
The first of these flights -was conducted on Se^'mber 4, 199#. This flight measured the 
transmission of the sodium ground source thr®gh a 1000 foot-thick stratus cloud located 
between 6000 - 7000 ft in altitude. Figure 3 mows the signal intensity measured through 
this cloud as a function of horizontal distanc^ The measured peak radiance was 4.5 x 10' 
10 W/cm2sr and the spatial extent was app^imately 3.9 km. On October 10, 199t, with 
the aircraft flying at 10,000 feet, the sensor^bserved the ground source through a much 
thicker but less dense fog "cloud". This fof layer extended from approximately 1000 to 
8000 ft, in ahitude and was of a type geneplly referred to as "radiation fog". This type of 
fog is characterized by relatively small-dismeter droplets (< 2 mm). The measured 
intensity through this fog layer versus horizontal distance in kilometers is shown in Figure 
4. The peak brightness was 2.3 x lO'^ W/cm^sr and v/as measured directly over the 
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10 Sensor platform (aircraft or satellite) 
12 Clouds in line of sight 

14 Emission source - simulated rocket plume 

16 Diagnostic radar - to measure cloud height & thickness 

18 Earth's surface 



